Abstract A major constraint to the use of baculoviruses for biocontrol of insects is their sensitivity to UV degradation. In this study, we evaluated black tea (Lipton ®, London, UK) and lignin (Reax 85A TM , MeadWestvaco, Charleston, SC) as potential UV protectants for beet armyworm Spodoptera exigua (Hubner) (Lepidoptera: Noctuidae) multiple-embedded nucleopolyhedrovirus (SeMNPV). The original activity remaining (OAR%) from SeMNPV upon exposure to various lengths of time (up to 5 h) to a source of UVA and UVB was evaluated in bioassays using beet armyworm third-stage larvae under laboratory conditions. Beet armyworm mortality was measured after larvae fed on artificial diet treated with SOMNPV. Mortality of beet armyworm due to SCMNPV, with no UV protectants added, was reduced to 23, 11.3 and 2.1% upon UV exposure for 15, 30 or 60 mm, respectively. To investigate the mechanism of reduction in the efficacy of SeMNPV when exposed to UV was due to the degradation of full-length viral genomic DNA, a modified DNA isolation technique was developed to measure levels of the full length viral genomic DNA of SeMNPV through electrophoresis on an agarose gel. The efficacy of SCMNPV on beet armyworm was lost after 2 h of UV exposure, and the full-length genomic DNA also was degraded to levels that were not visible on agarose gel. However, both black tea and lignin provided nearly 100% UV protection for SeMNPV as measured in bioassays even after 5 h of UV irradiation. SeMNPV efficacy against beet armyworm in samples containing black tea or lignin resulted in no significant visual reduction of the full length viral genomic DNA. To investigate the mechanism of UV protection for SeMNPV from black tea and lignin, absorption spectra of both protectants were measured with a spectrophotometer. High rate of absorption in the UV range, especially at the range of UVB (280-320nm), was detected for both materials. The absorption rate was higher with lignin than with black tea. Whereas lignin was a good absorber for both UVB and UVA radiation, black tea was primarily an absorber of UVB. Therefore, both black tea and lignin are potential natural UV protectants in the formulation of baculovirus-based biopesticides.
1969, Krieg et al. 1980 , Elnagar and Abul Nasr 1980 , Shapiro et al. 1983 , Ignoffo et al. 1989 , Ignoffo 1992 , Ignoffo and Garcia 1992 , Jones et al. 1993 with the UV radiation (280-400 nm; UVB/UVA) being most detrimental (Bullock et al. 1970 , lgnoffo et al. 1977 , Griego et al. 1985 , lgnoffo et al. 1997 . A previous study (lgnoffo et al. 1989) showed that a significant increase in the breakdown of viral DNA and virions occluded in viral inclusion bodies (OBs) resulted from UV exposure. It was suggested that the inactivation of baculoviruses by UV from sunlight could result from UV-generated reactive oxygen species such as peroxides, single oxygen, or hydroxyl radicals (Ignoffo et al. 1989, Ignoffo and Garcia 1994) . However, these reactive oxygen species could only be partially neutralized by oxidative enzymes (catalase, proxidase and antioxidants), thus preventing deterioration of nucleopolyhedroviruses activity.
Thus, in order for baculoviruses to be effective in controlling insect pests under field conditions, they must be protected from the adverse effects of UV exposure. Although UV protectants have been developed from synthetic chemicals (such as sunscreens) to selectively absorb, block or reflect UV irradiation (Martignoni and lwai 1985 , Shapiro and Robertson 1990 , Dougherty et al. 1996 , Burges and Jones 1998 , adverse effects of fluorescent brightener (sunscreen) on photosynthesis and pollination by sunscreen-covered plants diminish their benefits (Goulson et al. 2000 (Goulson et al. , 2003 . A number of natural UV absorbers, used as adjuvants in microbial products, also provided UV protection (Shapiro et al. 1983, Burges and Jones 1998) . Only a few studies have focused on using natural plant products to improve virus activity (Shapiro et al. 1994) . Recently, 29 medicinal herbs and 35 spices were evaluated for their effects upon activity of the gypsy moth nucleopolyhedrovirus (LdMNPV). Six of those species (paprika, cayenne, curry, dill, nutmeg and tarragon) and 7 herbs (dandelion, feverfew, sarsaparilla, skullcap, St. John's wort, tansy, and valerian) enhanced virus activity (Shapiro et al. 2007a, b) .
However, tea, one of the oldest herbal plants in the world, has not been evaluated for enhancing or protecting biological activity of baculoviruses. It is known that black tea is a source of antioxidants (Langley-Evans 2000, Leung et al. 1991) . During the past 15 yrs, tea has been shown to inhibit the effect of UVB on tumor formation in mice (Wang et al. 1994) . Caffin et al. (2004) and Ding et al. (2005) reported the absorption effect of the black tea to UV light exposure. Shapiro et al. (2008) demonstrated that green tea acted as an effective UV protectant for ScMNPV under laboratory and field conditions. Other natural products, such as lignins, also were reported to be effective UV protectants (Martignoni and lwai 1985 , Shasha et al. 1998 , Tamez-Guerra et al. 2000 , McGuire et al. 2001 , El Salamouny et al. 2002 , El Salamouny and Huber 2004 . The objectives of our study were to determine the effects of black tea (Lipton ® , London, UK) and a new form of lignin (Reax85A) (MeadWestvaco, Charleston, SC) as UV protectants for the virus of beet armyworm, Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae) (SeMNPV), and to elucidate the mechanism underlying these effects through DNA analysis and absorption spectra.
Materials and Methods
Source of larvae. Beet armyworm egg masses were supplied by Ron Meyer (USDA-ARS, Tifton, GA). Larvae were reared on a wheat germ-based multiple species semiartificial diet (Southland Products Inc., Lake Village, AR). Third-stage larvae were used in all laboratory bioassays. J. Entomol. Sd. Vol. 44, No. 1 (2009) Viral preparations. Spodoptera exigua multiple-embedded nucleopolyhedrovirus (SeMNPV), registered as SPOD-X® (Certis USA, Columbia, MD), was used for these studies. The virus was maintained and propagated in beet armyworm. Third-stage larvae were infected by feeding on surface contaminated diet [100 pL of 2x10 5 occlusion bodies (OBs)/ml=2x10 4 OBs! 30m1 cup (Jetplastica, Hatfield, PA)]. Virus OBs were purified using a sucrose gradient of 40-65% (w/w) (El Salamouny et al. 2003) . A concentration of 2x10 5 OBs/mI was previously determined in laboratory bioassays to be the LC 95 of the virus in beet armyworm. However, a concentration of 1 x 08 OBs/ ml was required for DNA extraction.
Preparationof solutions. Two grams of black tea or lignin product Reax 85A were blended in 100 ml of distilled water and filtered through 16 layers of muslin in a glass funnel to produce a 2% (w/w) stock aqueous solution. The filtrate was kept at 4°C until used. Although lignins have been shown to be effective UV protectants (Shasha et al. 1998 , El Salamouny 1998 , El Salamouny and Huber 2004 , the present study evaluated a new lignin (Reax 85A) and compared it to black tea as a UV protectant for SeMNPV.
UV exposure. To determine the effect of UV on SeMNPV with or without the addition of black tea or Reax 85A, SeMNPV (2x10 5 OBs/mI) was irradiated in a PelcoTM cabinet box (Ted Pella Inc., Redding, CA) with both 15 W UVA and UVB tubes custom-mounted in parallel. Four ml of each suspension was placed in glass Petri dishes (5.5 cm diam, VWR International, GA). The irradiation source was 20 cm above the dishes, and the suspensions were irradiated for predetermined lengths of time of 0, 15, 30, 60, 120, 180, 240 , and 300 mm. Following the irradiation treatments, the volume in each dish was adjusted to 4 ml with de-ionized water.
Bioassay. A diet surface bioassay was used to evaluate the viral activity against beet armyworm from each treatment. An aliquot of 0.1 ml of the irradiated virus suspension was pipetted onto the surface of diet in 30-ml cups (surface area, 7 cm2) (Jetplastica, Hatfield, PA) containing 7 ml artificial diet. Ten third-stage beet armyworm larvae were used for each treatment and were maintained individually in the plastic cups until death or pupation at 26°C, 50% RH and photoperiod of 12:12 h (L: D). The test was repeated at least 3 times with 10 larvae per virus dilution per treatment per replicate. Ten untreated cups with larvae per replicate, and 10 larvae with black tea or Reax 85A without SeMNPV were used as controls.
Evaluating the viral genomic DNA after UV exposure. The DNA from virus was recovered from each individual treated sample post UV exposure using a method modified after Ignoffo et al. (1989) . For each sample, OBs were harvested from 20 ml of the irradiated virus suspension (1 x1 08 OBs / ml) through centrifigation (4,200 rpm, 25 mm). The virus pellet was resuspended in 250 pL of 1 molar (M) Tris buffer (pH 7.6), followed by 25 pL of 1 M Na 2CO3 to solubilize OBs and incubated at 37°C for 60 min to release virus particles. Viral DNA was extracted from virus particles by addition of 30 pL of 10% SIDS. Purification of virus DNA was conducted using DNeasy plant kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. The viral DNA was eluted from the column with a same amount (50 pL) of sterile distilled water for each sample. It was assumed that the commercial DNA purification kit has the same efficiency in DNA purification among samples with equal numbers of initial virus OBs. Therefore, the difference in genomic DNA concentration was likely due to the UV breakdown process. To evaluate effects of black tea or lignin Reax 85A for protection of full virus genomic DNA from breakdown by sunlight UV exposure, 20 pL aliquot of DNA preparation from each treatment was applied onto 1% agarose gel. After electrophoresis, agarose gel was stained with 0.01% SyBr Safe (Invitrogen, Carlsbad, CA). The gel image was taken with a digital imaging system (ChemiDoc XRS, BioRad, Hercule, CA).
Absorption spectra of solutions. To evaluate the efficiency of UV absorption by black tea and lignin Reax85A, UV absorption spectra ranging from 190-600 nm were measured on 1% solution of black tea or lignin using a Spectrophotometer (Molecular Devices Corporation, SPECTRA, max plus 384 , Sunnyvale, CA) following the method described by El Salamouny and Huber (2004) .
Results
Effect of UVAIUVB on SeMNPV. Treating third-stage beet armyworm via surface inoculated diet with 2x104 OBs/cup of unirradiated SeMNPV caused 99% mortality within 10 d. A decrease in virus-caused mortality of beet armyworm occurred within the 1 ,11 hour of exposure of SeMNPV to UVA and UVB. Insect mortality was reduced to 23, 11.3 and 2.1% after 15, 30, and 60 min uv exposure, respectively (Fig. 1) . Decreased virus activity was accompanied by the gradual degradation of full length SeMNPV DNA as UV exposure time increased; whereas full-length virus DNA on the gel was visible and intact in nonirradiated virus control. In both the 15 and 30 mm exposure treatments, the concentration of full-length viral DNA was lower than that of the untreated control, but the full genomic DNA from these samples remained visible (Fig. 1) . Full-length genomic DNA was, however, not visible from samples that received more than 2h of UV exposure (Fig. 1) . The amount of the lower molecular weight DNA products, likely the degraded virus genomic DNA due to the prolong UV exposure, increased in samples with longer exposure as observed on the stained Vol. 44, No. 1 (2009) agarose gels (data not shown). In these latter samples, in vivo virus activity against beet armyworm larvae was also lost in bioassay (Fig. 1) . Black tea as UV protectant additive for SeMNPV. Addition of black tea extract (1%) to SeMNPV solution resulted in full protection of virus activity as determined by beet armyworm bioassay. Even with 5 h of UV exposure, virus-induced mortality remained >99% (Fig. 2) . The high viral activity in the black tea-treated samples was also indicated with the presence of full-length virus genomic DNA after various length of exposure to UV. With black tea-treated samples, no significant reduction of the virus genomic DNA was observed even with 5 h of UVA'UVB irradiation (Fig. 2) . Some general fluctuation in the DNA concentration from different samples (0 and 15 mm) was likely due to handling variation. These results indicated that black tea was an effective UV protectant for SeMNPV.
Lignin Reax 85A as UV protectant for SeMNPV. Infection of S. exigua by SeMNPV occurred in lignin-treated samples exposed to UV for up to 5 h (Fig. 3) . Virus-caused mortality remained at > 99% in samples even after 5 h of UV exposure. Analysis of full-length virus genomic DNA in lignin-treated samples upon different period of UV exposure again revealed no major reduction in DNA concentration (Fig. 3) .
UV absorption spectra of the potential UV protectant additives. To investigate the mechanism of UV protection obtained, absorption spectra of black tea and lignin were measured using a spectrophotometer. A high rate of absorption, especially in the UV spectrum (280-320nm), was detected for both additives. UV absorption, however, was higher for lignin than for black tea. Moreover, lignin was a good absorber for both UVB and UVA radiation; whereas black tea was primarily an absorber of UVB. Although the absorption for lignin remained high through the range of UV absorbance spectra, the absorption for black tea decreased rapidly in the UVA range (320-400 nm) (Fig. 4) . These results suggest the UV protection was associated with UV absorption.
Discussion
Because UV radiation is the main constraint to using baculoviruses in plant protection, there is an urgent need to discover more effective UV protectants. This research focused on the use of plants or plant-derived sun screens for potential UV protectants. Our results demonstrated for the first time that black tea was an effective UV protectant for the SeMNPV.
To investigate the mechanism of UV exposure on the SeMNPV against beet armyworm, a new method was developed for DNA isolation from SeMNPV which can be used for studies to evaluate UV inactivation and UV protection of baculoviruses. The modified DNA purification method allowed a comparative evaluation of the full virus genomic DNA concentration among samples from different treatments. This improvement of DNA purification also avoided the use of harmful chemicals such as phenol, chloroform, or ethidium bromide as used previously (Ignoffo et al. 1989 , Sambrook et al. 1989 .
The decrease of virus activity after UV exposure was in general agreement with the results obtained in the studies of Krieg et al. (1980) , Elnagar and Abul Nasr (1980), Shapiro et al. (1983) , Ignoffo et al. (1989) , Ignoffo (1992) , Jones et al. (1993) 
UV wave length (nm) Fig. 4 . Absorption spectra profiles of 1% black tea and lignin Reax85A when exposed to UV wavelengths (UVB=280-320nm, UVA=320-400nm)
Thisstudy demonstrated that UVAIUVB absorbance was important in protecting SeMNPV from breakdown by UV, but we recognize that antioxidants also may play an important role. Ignoffo and Garcia (1994) demonstrated that antioxidants and antioxidative enzymes act as UV protectants. Because black tea contains a high level of antioxidants (Leung et al. 2001 , Langley-Evans 2000 , future studies should investigate their effects, as well as those of green tea, as a UV protectant (Shapiro et al. 2008) . Previously, lignin products were shown to protect baculoviruses (Martignoni and lwai 1985 , El Salamouny 1998 , Shasha et al. 1998 , Tamez-Guerra et al. 2000 , McGuire et al. 2001 , El Salamouny and Huber 2004 ; the present study confirms the efficiency of lignin Reax 85A as an effective UV protectant.
In summary, both black tea and lignin Reax 85A were effective in protecting SeM-NPV from breakdown by UVA and UVB. They are desirable because both are safe natural products and are readily available. This study, along with our previous ones (El Salamouny 1998 , El Salamouny et al. 2002 , Shapiro et al. 2007a , 2007b , 2008 , may lead to new research on plant-derived materials as UV protectants for baculoviruses. Future studies will focus on testing several teas, spices, medicinal herbs, lignins, oils and plant products as sunscreens in both the laboratory and in the field. This approach may offer potential for the discovery of viral enhancers as well as radiation protectants as adjuvants for insect pathogens in the control of agriculturally-important insect pest populations.
